ABSTRACT Dioxins have adverse and multifaceted effect on body functions. They are known to be carcinogens, immunotoxins, and teratogenic agents. In vivo, transformation of dioxins occurs after their interaction with the aryl hydrocarbon receptor (AhR) and leads to formation of proinflammatory and toxic metabolites. The aim of this study was to verify whether α-tocopherol (vitamin E) and acetylsalicylic acid (ASA), could reduce the damage caused by the action of dioxins. Fertile chicken eggs were injected with a solution of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), followed by the injection of α-tocopherol or acetylsalicylic acid. Organs such as heart and liver were dissected from the chick embryos at d 13 and 19 of development and subjected to immunohistochemical analysis of presence of advanced glycation end products (AGEs) and nuclear factor kappa B (NFκB) in tissues. The AGEs were used as the marker for exposure to dioxins, since it is well established that their level increases in dioxin-damaged tissues. Formation of AGEs was evaluated in embryos exposed to dioxin and treated with vitamin E and/or ASA (against dioxin-exposed, untreated controls). We have found that TCDD causes developmental disorders and increases the level of AGEs in chick embryo tissues. The use of such pharmacological agents as vitamin E, ASA, and combination of ASA and vitamin E, inhibited formation of the AGEs in 13-day-old embryos and reduced the AGEs level in embryos after 19 d of the development.
INTRODUCTION
shows toxic action in avian embryos, including chicken embryos. The TCDD causes embryonic deformities, developmental disorders, injuries and necrosis of liver and bile ducts, wasting syndrome, abnormal skin pigmentation, and increased chick mortality . The other described impairments resulting from the exposure to dioxin include reduced embryo weight, oxidative stress (Lim et al., 2007) , induction of biotransformation enzymes (van den Hurk et al., 2007) , abnormal thyroid hormone secretion, changes in the liver and heart phenotype, and immunosuppression (Walker and Catron, 2000) .
Glycation is a multi-step non-enzymatic process in which sugars are attached to proteins' free amino groups by the Maillard reaction (Pietkiewicz et al., 2008) . The glycation of proteins occurs slowly under physiological conditions throughout life and contributes to the aging process (Frye et al., 1998; Ulrich and Cerami, 2001 ). Formation of advanced glucation endproducts (AGEs) is associated with the induction of hyperthyreosis and increased production of glucocorticoids by these compounds. Disordered secretion of these hormones is associated with catabolic effects on the glycolysis and gluconeogenesis processes and protein catabolism. Also, liver damage by dioxins can be associated with disturbed cholesterol metabolism, degradation of cortisol and other steroid hormones, especially estrogens. (Ca lkosiński andŚwita la, 1988 (Ca lkosiński andŚwita la, , 1989 Ca lkosiński et al., 2005) . Dioxins' multistep transformation leads to formation of free radicals. They are responsible in turn for the oxidative stress and decreasing level of the antioxidant enzymes. These events initiate inflammatory processes that can affect glycation of proteins (Thornalley, 2007) .
Binding of the TCDD to the aryl hydrocarbon receptor (AhR) plays a key role in this compound's pathological effects. Therefore, it seems rational to search for compounds capable of blocking the AhR and preventing formation of the AhR-dioxin complex.
Nuclear factor kappa B (NFkB) is a transcription factor that plays a key role in a wide range of physiological and pathological conditions, including regulation of embryonic and adult neurogenesis (Tian et al., 2002) , modulation of the immune response, inflammation, apoptosis and cellular response to stress caused by hypoxia, or oxidative stress (Ghosh et al., 1998) . It is known that the AhR and NFkB factor interact and that this interaction is enhanced by the presence of TCDD (Tian et al., 2002) . It is possible that interactions between AhR and NFκB may play a role in dioxin-induced toxic effects associated with immune response (Tian et al., 2002) Vitamin E (D-α-tocopherol) is an essential biological antioxidant. Tocopherol effectively inhibits lipid peroxidation, eliminating the peroxyl radicals (RO 2 r ) and preventing the damage to fatty acids and membrane proteins (Sroka et al., 2005) . High levels of vitamin E have been reported to reduce formation of free radicals during oxidative stress (El-Demerdash et al., 2004; Ca lkosiński et al., 2011) .
Acetylsalicylic acid (ASA), the non-steroid antiinflammatory analgesic, acts by inhibiting cyclooxygenase (COX) activity and preventing formation of the inflammatory mediators. 2,3,7,8-Tetrachlorodibenzo-pdioxin has a specific pro-inflammatory activity initiated by its binding to the AhR receptor. Apart from inducing production of xenobiotic metabolizing enzymes, formation of the AhR-TCDD complex induces the COX-2 isoform and activates the arachidonic acid cascade that is responsible for the synthesis of prostaglandins (Yin et al., 1998; Ca lkosiński et al., 2011) . It has been reported that the ASA derivative salicylamide has the ability of blocking the Ah receptor and preventing its interaction with dioxins (MacDonald et al., 2004) .
The aim of the study was to evaluate glycation process in embryonic heart and liver during different stages of the chicken's embryo development, before and after embryos' exposure to TCDD. The objective was to determine whether glycation of proteins will occur at higher intensity when embryo was exposed to dioxins. Immunohistochemical detection of AGEs and NFκB was used to determine whether tocopherol and acetylsalicylic acid can restrict pro-inflammatory effects of TCDD and to reduce embryogenic impairment.
MATERIALS AND METHODS
Experiments were conducted on 360 fertilized chicken eggs Flex line (60 eggs per each group). Before injection, eggs surface was disinfected with 70% ethanol and holes were made with a dental drill. All substances were delivered directly into the yolk with Hamilton syringe at a depth of approximately 3 cm from the side of the air chamber. During injection, eggs were turned and laid at an angle of 90
• , to prevent damage to embryonic discs. After administration of the tested substances, holes were sealed with paraffin. The experimental solutions were injected at 0 days of embryo development, then the eggs were incubated at 37.6
• C, with 55% humidity, rotated by 90
• every hour in the incubator c-82 GOSTYŃ in the Department of Poultry Breeding of Wroclaw University of Life Sciences.
The eggs were divided into the following groups (group -number of eggs -injection dose per 1 g of egg):
Group A -60 -no pricking, no treatment with any substance (control) Group B -60 -5 μL of 1% DMSO (control) Group 1-60 -5 μL of TCDD dissolved in 1% DMSO solution at a dose of 0.08 ng/g of egg Group 2-60 -5 μL of TCDD + 10 μL of α-tocopherol at a dose of 30 μg/g of egg Group 3-60 -5 μL of TCDD + 5 μL of ASA at a dose of 30 μg/g of egg Group 4-60 -5 μL of TCDD + 5 μL of ASA + 10 μL of α-tocopherol at doses as above Stock solution of TCDD (2,3,7,8-tetrachlorodibenzop-dioxin) (Greyhound Chromatography And Allied Chemicals, UK) in 1% DMSO was prepared at concentration of 1 μg/mL. The α-tocopherol acetate solution in oil was prepared by Hasco-Lek SA Wroclaw, and 30% acetylsalicylic acid (Aspirin, Bayer) solution in 1% DMSO was used throughout the study. Rabbit polyclonal IgG antibody anti-NFkB (Rabbit Anti Human NFkB p65 (pSer536) Cat. AHP1342 manual AbD Serotec) diluted 1:100 were used in the studies. Mouse monoclonal antibody anti-AGEs were obtained at the Institute of Immunology and Experimental Therapy, Wroclaw (Staniszewska et al., 2005; Leszek et al., 2006) and used throughout the study in 1:100 dilution in PBS. Immunohistochemical visualization kit LSAB reaction + System tyramine (HRP) (Dako, Glostrup, Denmark) was used in these studies. Applied doses of dioxin were determined on the basis of literature data (Cohen-Barnhouse et al., 2011) . Doses of the following pharmaceutical compounds were adopted on the basis on our earlier studies: acetylsalicylic acid (Dobrzyński et al., 2014 ), α-tocopherol (Ca lkosiński et al., 2015 .
Embryos were euthanized by decapitation and organs removed for immunohistochemistry. The heart and liver samples were disected from embryos on d 13 and 19 of the embryonic development. Tissue samples after fixation in 4% formalin solution (for 48 hours) were embedded in paraffin blocks. The paraffin blocks were cut at the rotary microtome (Slee, Irving Park, IL), into approximately 5 μm thick sections. Tissue sections were prepared for testing reaction with antiAGEs and anti-NFκB antibodies, using Dako kit. After completion of the immunohistochemical reaction the sections were sealed in Canadian balm.
RESULTS

Immunohistochemical Detection of the AGEs in Hearts of 13-day-old Chick Embryos
Hearts were dissected from healthy embryos on d 13 of the development. At this stage, myocytes exhibit different degree of differentiation depending mostly on their location. Ventricular muscles, especially those of the left side, show advanced stage of morphogenesis compared to the right side. They are moderately thick and surrounded by well-developed blood vessels. Myocytes are cross-linked together forming clearly visible short fibers. Connective tissue is observed in a small amount in the "skeleton of the heart" -the septum and fiber rings. In the control group A, a weak positive signal related to AGE presence in myocytes appeared in left ventricles ( Figure 1a ). Also, AGEs were present in the same area of the hearts in DMSO control group B (Figure 1b) . The eggs treated with TCDD (group 1), showed atrophy in the atrium, and AGEs were detected in ventricular hypertrophic myocytes ( Figure 1c ). In atrium, lipocyte AGEs were visible between the cells of the heart muscle, although in this area glycation was significantly weaker.
In the group treated with TCDD + vitamin E (group 2) we found a weak atrophy of the myocytes compared to the control groups (group A, group B), but less change was seen than in the dioxin group (group 1). In group 2, cardiomyocytes at different stages of development and the lack of fat cells in the epicardium were also observed. A differentiated myocytes showed glycation (Figure 1d ), comparable in intensity to that observed for the control groups (group A, group B) and the group of dioxin (group 1). The group, which received TCDD + ASA (group 3), had long filaments in cardiac ventricles, forming a network in which few capillaries and collagen fibers were present. Muscle fibers in this group were characterized by normal structure (Figure 1e ). In this group (group 3) there was a weak positive sign of glycation. In the group treated with TCDD + ASA + vitamin E (group 4), hearts showed similar morphological characteristics as in the previous group (group 3), such as a slight atrophy of the muscle fibers, while it gave a weaker AGE signal (Figure 1f ).
Immunohistochemical Detection of the AGEs in Hearts of 19-day-old Chick Embryos
Hearts were dissected from fully developed, 19-dayold embryos. At this stage into the development, myocytes show, dependent on the location, different degree of differentiation. Ventricular muscles, especially of the left side, show a higher degree of organization, are thicker and surrounded by a highly developed network of blood vessels. Unlike the organs taken from 13-day-old embryos, myocytes are arranged in distinct bundles characteristic of the mature heart. Connective tissue is still present in a small amount in the "skeleton of the heart" -septum and fiber rings. Within the epicardium, particularly in atrial region, the adipose tissue was observed. In both control groups (group A, group B), there was no positive response to anti-AGE antibodies (Figure 2a ). In the DMSO control group (group B), a weak AGE presence in atrial myocytes was detected ( Figure 2b ). In TCDD group (group 1), hypertrophy of both ventricles and atrophy of the myocytes within the atrial ventricles as well as poorly developed junctions between myocytes were observed. Furthermore, lumen in blood vessels was reduced as compared to that observed in a control group (A). In the same group (group 1) a moderate positive reaction with the AGE in the myocytes, particularly in the area of the left ventricle, was observed (Figure 2c ). In the TCDD + vitamin E group (group 2), a limited hypertrophy of both ventricles and persistent slight hypertrophy of myocytes in the left ventricle was seen. The glycation products were present locally in right ventricular myocytes, but a much stronger positive reaction was observed with left ventricular myocytes (Figure 2d ). In the group with TCDD + ASA (group 3), right ventricular myocytes showed normal structure, mostly without atrophy, and in some cases were slightly thinner than in the control group A. A positive AGE signal was detected in both atria of the right and left chamber, equally distributed in all myocytes (Figure 2e) . The group, which received TCDD + aspirin + vitamin E (group 4) showed no signs of cardiac muscle hypertrophy and has undergone normal development. There is a weak positive AGE staining in the left and right ventricle (Figure 2f ).
Immunohistochemical Detection of the AGE in Liver of 13-day-old Chick Embryos
Livers were dissected from the 13-d embryos. At this stage of the development hepatocytes in the control group (group A) are arranged in a bar, running along the wide capillary that is filled with blood. A very weak positive reaction with glycation products was detected in the control group (group A), and only in the area of broad vascular sinus. The DMSO control group (group B) shows resemblance to the control group (group A), while there were a few necrotic foci and areas with varying degrees of positive reaction to the AGE -from negative to weakly positive (Figure 3a) . The group that received TCDD (group 1) shows a blurred lobular structure and lack of significant hepatic trabeculae, composed of hepatocytes surrounding blood vessels (Figure 3c ). Part of the cells undergoes necrosis with the development of leukocyte infiltration. The liver showed a varying degree of positive AGE reaction, proportional to the extent of the damage to this organ. The group treated with TCDD + vitamin E (group 2) gave similar microscopic image as the control group (group A). The hepatocytes vacuoles, namely accumulated lipids, were similar in both group 2 and group A. In the examined material, there were areas of a varying degree of positive AGE signal, from negative to weakly positive and predominantly negative regions. The microscopic images of liver experimental groups 3 and 4 did not differ from that observed for the control group (group A), where areas showing from slightly positive, to positive AGE reaction were observed.
Immunohistochemical Detection of the AGE in Liver of 19-day-old Chick Embryos
Livers were dissected from embryos on d 19 of embryonic development. At this stage, embryo slows down its metabolism, what is reflected in accumulation of the supplementary material, especially in the liver cells, where numerous lipid droplets are being accumulated in the cytoplasm. Hepatocytes in both control groups (group A, group B) show a weak AGE signal (Figure 4a and b) . In the group that received TCDD (group 1), liver damage was characterized by necrosis of the hepatocytes and lymphocytic infiltration. In case of this experimental group, a very strong AGE presence in the whole organ was found (Figure 4c) . Livers in the experimental group 2, one that received TCDD + vitamin E, a proper structure of the liver was observed, comparable to that of the control group A and low intensity response to anti-AGE antibodies (Figure 4d ). In the groups 3 and 4, morphological structure remained unchanged, but varying AGE presence was noted (Figure 4e and f) . 
Immunohistochemical Detection of the NFKB in Hearts and Livers of 13-day and 19-day-old Chick Embryos
Neither in the hearts taken on 13 th , nor on d 19 of embryonic development the NFkB was not detected in all experimental groups. In the liver disected on d 13, in the group that received TCDD, there was a very weak signal for the NFkB (Figure 5b ). The group 2 (treated with dioxin and vitamin E), also showed a weak reactivity towards anti-NFkB antibodies (Figure 5c ). In the livers collected on d 19 the immunological reaction was, strong only in the group 1 (treated with dioxin alone) (Figure 5d ). In the other groups, no presence of NFkB was detected at both stages of the development (Figure 5a) .
DISCUSSION
Dioxin at a dose of 0.08 ng/g of the chicken egg was injected at time 0 of the embryonic development. Seven experimental groups (n = 60 eggs/group) were used to examine development and mechanisms of toxicity associated with fetal exposure to TCDD. Embryos were analyzed immunohistochemically for the presence of AGE and NFκB in selected organs.
Fertilized eggs are convenient tool to study since they represent a closed system that require only temperature and humidity control. Moreover, developing embryo does not need feeding, and the test substance may be administered at one time, because it is not expelled during the whole period of embryonic development.
Earlier studies on TCDD embryotoxicity focused largely on its effect on heart development. Those experiments were carried out on fish and bird embryos, where dioxins have caused such changes in heart as swelling, hypertrophic changes, impaired blood circulation, extravasation of blood that led to mortality in early stages of the development (Ivnitski-Steele and Walker, 2003) . The cardiotoxic effects were also observed when marmoset monkeys received subcutaneous injection of dioxins. These effects manifested themselves by increase in the heart of collagen, fibronectin and laminin (Riecke et al., 2002) .
The results of the experiments in which dioxins were injected to the eggs have suggested that heart can be a direct target for TCDD and similar compounds. Hen embryos of the genus White Leghorn exposed to dioxinlike compounds before incubation (0 day) exhibited (3 wk after hatching) increased heart size without pericardial edema (Ivnitski-Steele and Walker, 2003) . In another experiment, in which TCDD was introduced before incubation, chicken embryos showed increased heart weight, elongation of the atria and ventricles without observable swelling of the pericardium (Walker et al., 1997) . The change in the heart rate in the chick embryo was also noted. In our studies, in the hearts from both 13-and 19-day-old embryos significant changes were observed. We have found cardiomyocyte hypertrophy, as well as ventricular hypertrophy associated with reduced lumen of the blood vessels. These effects have been in part reversed by ASA and vitamin E, or combination of these two compounds. Immunohistochemical staining differed slightly between the stages of the development. Early in embryonic life only a weak AGE signal was observed. In the TCDD-treated experimental groups this response was very strong in particular near the blood vessels. For TCDD-treated eggs, there was no clear reduction in the glycation by vitamin E and intensity of the detected AGEs varied between the organs. Unlike for vitamin E, positive effect of ASA was noted, since no AGEs were detected in this experimental group. In the later stage of development, reactions occurring in the hearts of the control group and a group of dioxin were comparable with observed at an earlier stage. Enhanced presence of AGE can be seen particularly in the left ventricle. As for the hearts from 13-day-old embryos, acetylsalicylic acid proved to be the best protection against negative effects of dioxins.
It has been reported that cytochrome P-450 plays an important role in dioxin induced heart developmental disorders. Cytochrome P-450 is responsible for biotransformation of several drugs. The TCDD binds to the aryl hydrocarbon receptor and induces transcribtion of the cytochrome P-450 genes. The TCDDAhR complex binds to nuclear translocator Arnt. Arnt binds not only to AhR, but also to other DNA-binding proteins that control transcription rate, e.g., hypoxiainducible factor HIF-1. The latter is a transcription factor that is sensitive to concentration of oxygen in the cell. Furthermore, the gradient of oxygen in the cardiac muscle induces expression of VEGF (Cheung, 1997) , which in turn stimulates the development of the coronary arteries (Ratajska et al., 1995) . One of the potential mechanisms of TCDD cardiomyopathy can be caused by detachment of Arnt from Hif-1, which leads to hypoxia and reduced stimulation of coronary angiogenesis (Walker and Catron, 2000) . Changes in the heart observed after exposure to TCDD appear to indicate an early pathologic event, which in later stages of development may lead to heart failure and accumulation of fluid in tissues.
Liver is the most sensitive among organs to the toxic effect of TCDD and oxidative stress. Dioxin added to the eggs caused a color change and increased formation of the fatty droplets in the livers of chicken embryos Kanzawa et al., 2004) . Hepatotoxicity is considered as a basic dysfunction induced by dioxin during embryonic development. In mice, administration of TCDD results in infiltration of immune cells, apoptosis, and steatosis due to abnormal fatty acid uptake by the liver (Boverhof et al., 2005) . Our results are in accord with mentioned above study. The pathological changes observed in liver at early stages of the development have intensified with embryo's growth, and included such changes as the disappearance of the organ structure, necrotic foci of infiltration occurring signs of inflammation and steatosis. Also, a mild and moderate cytoplasmic vacuolization of hepatocytes was observed in duck embryo's livers, caused by accumulation of fat and glycogen, similar to that observed on d 19 of embryonic development. Since embryos receive all nutrients from the yolk reserves, this phenomenon can be regarded as physiological. The toxicological mechanism responsible for the transformed phenotype, has not yet been determined (Augspurger et al., 2008) .
The AGEs have been detected at low intensity in control groups. In the TCDD group, glycation products were seen in 13-day-old embryos, and intensity of the immunological staining has considerably increased in 19-day-old embryos. The protective effect of vitamin E was most noticeable in liver, since after 13 and 19 d of development photomicrographs (Figures 3 and 4) showed no AGE presence. In the case of embryos where ASA was administered along with TCDD, we found the AGE immunostaining at different degree of intensity. Therefore, vitamin E showed the most effective liver protective effect, and not as in the case of other organs, when combined with aspirin.
However, in all treatment groups, and in both stages of the development, no NFkB was detected in the chick embryo hearts, suggesting that dioxin induced changes were probably not associated with inflammation. Livers dissected from 13-and 19-day-old embryos showed the NFkB presence. The strongest signal was observed in livers from embryos treated with dioxin. There was no NFkB present in other organs, or at a very low intensity. This confirms that ongoing inflammatory processes occur only in liver as a result of TCDD action.
To summarize, the results show that 0.08 ng/g dose of dioxin injected to the eggs causes a number of pathological changes associated with injury or retardation of organs, as well as the intensity of the glycation reaction in both liver and heart. Results of the glycation experiment can be viewed in 2 ways. On the one hand, relying on the assumptions that glycation is normally associated with cell differentiation during embryogenesis, the AGEs should be present in the control group. However, in our experiments this process was limited to the dioxin group, where it caused an abnormal developmental changes. Receptors for advanced glycation end-products are present in several tissue types, including nervous tissue. On the other hand, oxidative stress initiated by TCDD induces free radicals and distorts several metabolic processes intensifying glycation that can be best seen in liver. Glycation is still a little known phenomenon and never been tested in the context of the dioxin poisoning.
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